Abstract-Petri nets in object-oriented modeling, based on the objects introduced a special internal changes -the control changes, the introduction of objects in the controller, a control structure based on object-oriented Petri nets (CS-OOPN) model, and described the CS-OOPN modeling steps of the described of CS-OOPN modeling. The model overcomes the traditional object-oriented Petri nets modeling of flexible processes and systems lack the flexibility of the shortcomings can be more intuitive, flexible to describe the work flow. Finally, using this model for a group management system and for modeling equipment procurement, and approval departments CS-OOPN model as an example, find its associated matrix, tree coverage and P-invariant, the correlation analysis to prove that building the model has good performance and to meet the system requirements change and restructuring.
I. INTRODUCTION
The modeling ways of Object-Oriented Petri Nets[1~3] model which combined the advantages of the object-oriented and Petri nets can compensate for the characteristic of complexity of general Petri nets modeling, and express various resources in a complex system, because of having strong ability of system modeling. Although the modeling of the object-oriented Petri nets , to some extent, can solve the problem of modeling of complex systems, there are still some drawbacks, here are some of it's outstanding problems: (1)In the traditional object-oriented Petri nets modeling method, the object is immobilized in the business processes, it is incompatible with the modern situation in which, the company takes the measures of continuously reforming and ongoing efforts to streamline business processes and to continuously improvement the management in order to adapt to fierce competition in the market (2) In the traditional object-oriented Petri net modeling method, the message among objects is not controlled by anything. But the real systems of the business process sometimes need "artificial" control.
Therefore, on the basic of Object-Oriented Petri Nets model, a special change--control change [5~7] is introduced into the internal object, and a controller is introduced between these objects. It proposed a model based on control structure object-oriented Petri nets, which solved these above problems effectively.
II. OBJECT-ORIENTED WITH PETRI NETS CONFORMITY REASON AND APPROACH

A. THE REASON OF INTEGRATING PETRI NETS WITH OBJECT-ORIENTED TECHNOLOGY
Object-oriented approach is not just a programming method, moreover, it is a new system design and it has multitudes of constructive ideas and methods. By its high abstraction, the complete seal, the succession and the polymorphism which enhanced software's maintainability greatly, caused system's reusability and the extendibility was also improved. Therefore, the object-oriented modeling technology in domestic and foreign countries is taken quite seriously, and has been carried on in massive researches. But it still has the following shortcomings in the practical application:
(1) The object-oriented model is a non-formal modeling approach; the model is based on the graphical representation, therefore it lacks the powerful mathematical instruments to the analyze the models and to confirm the accuracy, and it lacks for the effective analysis and the confirmatory methods after the modeling system; (2) Because many of the concepts in object-oriented model are close to the nature, and these concepts are easy to understand, furthermore, many basic definitions of the concepts are inaccurate, so the abstraction and accuracy is not enough.
Classical Petri net , a German scientist called Carl Adam Petri put forward in the 1960s, in hereafter several dozens years, Petri net theory has been greatly enriched, and is widely used in many research fields, such as protocol engineering, flexible manufacturing systems, business processes. Business processes make use of Petri net which has the following main advantages [8] :
(1) The direct-viewing graph indicated: Petri net is one kind of presence in figures and diagrams language. The classical Petri net has two kind of elements: Vicissitude element (with square expression), and storehouse element (with circle expression), but the direct edge expressed between these two kind of element relations.
(2) Formalized semantics: The Petri net (including each kind of high-quality net system) has the formalized semantic definition, a Petri net model adds the corresponding semantics to be able to describe a service process.
(3) Status and event's explicit expression: Some approaches of process modeling are focused on describing changes of the system state, such as state machine. Some methods of modeling are based on the events, such as algebras of the processes, data flow diagram. Petri nets can also explicitly describe the system status and events. It is easy to understand and analyze the system.
(4) Rich technique in analysis: A very important feature of Petri net model is that it provides a wealth of analytic techniques of systems, such as the system invariant, activity, boundness, safety and other analysis and calculation. It can calculate the performance of the system, such as response time, latency, resource utilization.
However, Petri net also has its disadvantages which are as follows:
(1) With the complexity of the system increases, the system PN model's establishment and the analysis will be extremely troublesome;
(2) Since the PN model is highly dependent on the system, the lack of modularity, reusability, thus establishing the system PN model is extremely difficult and requires a lot of time; ( 3) The PN model is highly abstract, the lack of models and visual between system entities, it is difficult to understand.
To take advantage of object-oriented technology and Petri nets to overcome their respective advantages and disadvantages, researchers will combine the object-oriented technology with Petri net modeling technique, and propose the concept of object-oriented Petri nets.
B. THE APPROACH OF INTEGRATING PETRI NETS WITH
OBJECT-ORIENTED TECHNOLOGY
To further improve the description of Petri nets and take full advantage of object-oriented modeling techniques, object-oriented approach combined with Petri nets has carried out many studies, these combination can be classified into the following categories [9~12] :
(1) Object embedded Petri net. The underlying principle for the approaches of the objects which embedded Petri net is to have one overall net which acts as a control structure and the tokens for the net are objects (instances of classes), and model the data structures of the net. The transitions call methods on the objects and arcs describes the flow of the objects around the net. The tokens are not created or destroyed each time a transition is fired, but instead, a transition is considered to move objects from one place to another. System controls network with the overall structure of Petri net, with the Token object that calls the method with a Token object that changes when the changes caused when an object from one library to another library, the object flow network with arc described.
(2) Petri net embedded object. First, the system is divided into several objects, and objects can communicate and both can work together. Different models can be provided for the communication between objects of different solutions. With Petri net, the internal behavior of each object, the object is in right now where the library with a Token that objects' methods that uses changes. Changes to other objects can not only be hidden but can also be visible. Hidden objects which are just private methods can not be invoked by other objects, but the visibility of these services or methods can be invoked by other objects. P The technology that Petri net embeds objects means that the object in the external interface does not change under the premise of an object which can modify the internal behavior.
The current marking of the net (inside each object) represents the state of that object. Transitions can be either visible or hidden. If the transitions within an object are visible to other objects then they represent the services available to the other objects-they represent the availability of methods to that object. If, however, they are hidden from other objects, then they model the inner behavior of the object.
The advantage of such a modular approach has been known in the area of traditional programming languages for a long time-as the problems being modeled grow in size and complexity, it is necessary to have complete structuring facilities. In general' such a modular approach means that an object's internal concurrence behavior can be modified, information hiding is provided in the language and the language is suitable for component-based software development.
(3) Petri nets embedded in each object. Such Petri net model is applied in a multi-level object-oriented abstraction with the Token object, and every object includes token, library, and changes in Petri net flow relation structure. Among them, the object's internal behavior triggered by the changes of their own to express the system's behavior is determined by the interaction between objects. Petri net with objects embedded in each other's model is a hierarchical model that can be layered on the application model, which is its main advantage lies.
That is, in such a model each token may represent an object and this object may be active. Such a model is said to have multi-layer activity. Many systems have multiple layers of activity and the ability to model multi-layer activity is therefore a major benefit because it enables a natural model of the system to be developed.
Whatever it is, the Petri net technology or the object-oriented technology [13~15], the key is to apply Petri nets in Petri net model to solve issues of complexity, reusability, and maintainability. In object-oriented system, the most important concept is the communication between objects and mechanisms, based on further consideration of this object's encapsulation, inheritance, hierarchy, modularity and other features.
C. OBJECT-ORIENTED PETRI NETS
Definition 1: In object-oriented Petri nets, the system is made up of the interaction between physical objects and their mutual contacts,, and the system can be defined as follows:
O is a set of physical objects in the system; R is the association of news between physical objects; i O in the physical object model OOPN is a six-tipples and it can be defined as follows: 
, then existing nonnegative integers n-dimensional vector X makes
This formula called Petri nets of state equation.
D . T HE LIMITATIONS OF OBJECT -OREIENTED PETIENETS
Although object-oriented Petri net approach to a certain extent, solves the problem of modeling complex systems, but there are still some drawbacks, which are the most prominent.
(1) The traditional object-oriented Petri net modeling, business process within a fixed object-oriented, and is not modern to meet the fierce market competition. It continues to reform and continues to streamline business processes, and it is a continuous improvement of management incompatible with the status quo;
(2) The traditional object-oriented Petri net modeling, the message passing between objects is not subject to any control. But the reality of the system, sometimes needs "artificial" control.
III. CONTROL STRUCTURE BASED ON OBJECT-ORIENTED PETRI NETS MODEL AND IT'S STEPS
A. OBJECT INTERNAL CONTROL STRUCTURE
In traditional object-oriented Petri nets modeling in the internal structure of the object's own properties, and mainly deal with these data. The properties of the object represented by the library, can be a specific data type (such as integer, character, etc.), or an abstract data type (such as a data structure, etc.), methods are represented by the change. In the control structure of object-oriented Petri Nets modeling process, within the object in the system introduces a special Change -control changes, and the definition of change is different from the Petri net. It has the ability to coordinate and control. When confronted with special circumstances, the control change can coordinate, communicate and decide according to the actual situation to make the system reach the flexible requirements. Graphical representation of the control change as shown in Figure 2 , left
The specific function of the control change: by changing the trigger conditions set in the original model to jump to a library to achieve the appropriate trigger conditions and the variability of the model structure. Jump controlled single-stage model structure is too simple and does not reflect reality and diversity, and complicated situations, so jump in a single-level control model based on the design of a multi-jump control model, as shown in Figure 4 . In this model appears to jump control multi-level control changes: C1, C2, ..., Cn, when the control change T0 can not be executed, the library P0 can perform the control change C1 to jump directly to the library P1 or P2, also can skip control change C1 directly to execute control change C2, control changes for each level manage their next step, resulting in improved process flexibility. 
B. BETWEEN OBJECTS CONTROL STRUCTURE
Petri net modeling in object-oriented, based on the objects in the system introduces a controller (Controller). Controller is responsible for receiving, judgments, and to forward all messages. Graph representation of the controller as shown in Figure 2 right. External structure of the object is mainly the controller connected with various objects, for receiving the message an object sends to another purpose of object, the controller receives the message from the purpose of object sending to another object when the message encapsulation process (similar to in the TCP / IP protocol processing of the message), and add some additional message for the message, such as forwarding destination (ie, which objects to the request), prior order, the sender of message, all of the operations to increase additional message is done by the controller. Controller can be "artificial" control, through this deal, if you need to modify the business process, it can be done by only modifying the control flow of the controller, and if a business needs to be increased, it can be only in the library to add a class, unless each method of processing data objects need to modify the library needs to modify the library and needs to change, and other business logic code does not need to be changed. Therefore, these models greatly improve the flexibility and scalability of the system, the relationship between the controller and the object shown in Figure 5 . 
C. THE WHOLE SYSTEM
For the system S = (O, Controller, R), O is a group of physical objects in the system, Controller is a collection of objects for the control structure, R is a message for the association between physical objects. Control changes control the internal changes in control objects, the controller control the changes between the control objects, as skip control change in each level manages their next step, and the controller can be "artificial" control, which greatly improved the flexibility of the process and system.
D. CS-OOPN MODELING STEPS
The CS-OOPN model of object-oriented modeling method has the advantages of Petri nets model and the introduction of the control changes and controller, resulting in improving the flexibility of the process and system to meet the requirements of complex system modeling. Modeling the whole system as follows:
(1) A clear customer's needs. The first phase of system modeling is to know what the main functions of the system are and to achieve the users' needs as completely as possible;
(2) The establishment of object. The characteristics that constitute the system, to list the name of the object, properties, methods (operation), the message; (3) The establishment of object model. This step is a clear logic within the objects, object-oriented modeling method based on the control to add the appropriate changes; (4) Identify the relationship between objects. Make the contacts between the behavior of each object and other objects clear,) mainly used to indicate the interaction between objects; (5) The establishment of the initial system model. According to preliminary analysis, making use of the grammar of the object-oriented Petri nets to describe, represent and establish a system model of the initial CS-OOPN; (6) Optimization of CS-OOPN initial model. Along with (2) , (3), (4), (5) steps constitutes an iterative process;
(7) Integrated model, the establishment of the CS-OOPN model of the system. According to the final identified objects and their relationships, add a suitable controller, and make the establishment of the CS-OOPN model of the system; (8) Model and determine the integrity of the model. The most prominent advantage of Petri nets is that the model can be parsed, and is conducive to minimize the loss of error, so the next step is to model analysis. Model by analyzing the results to determine the validity and integrity of such features; (9) Detailed design. If (8) is satisfied with the results of the detailed design of the system, otherwise go to (2), repeat the process later, until the model is correct and complete.
IV. CS-OOPN MODELING AND PERFORMANCE ANALYSIS
A.
EQUIPMENT PROCUREMENT SYSTEM FUNCTION
DESCRIPTION
In recent years, with the launching of procurement, equipment procurement which has become increasingly standardized has drawn increasing attention to the owners. Therefore, in the course of the procurement of equipment, technical issues involved in the process will be of great significance to improve the quality of procurement. Equipment procurement process is under strict regulations and enforcement procedures and under the regulation of various departments in both the clear division of labor, and interconnected, not only interdependent, but also the mechanism of checks and balances to work. Equipment procurement system, the main mode of procurement activities, includes open bidding, invited bidding, competitive negotiation, inquiry methods and a single source way, the specific procurement methods should be based on the characteristics of its own procurement of goods, the situation of the suppliers.
B. DESIGN OF THE CS-OOPN MODEL (1) Establish object
According to the detailed analysis of the system of equipment management, we can classify the objects of the system. Complete equipment management system, including equipment procurement unit object, procurement engineers' object, examination and approval department object, the object and vendor evaluation committee objects.
Procurement Engineer is responsible for the object under the Purchase Plan to develop specific implementation plans for approval of equipment purchases (including a statement to the procurement of equipment details and procurement) and cross-examination and approval departments for approval, which must approve the adoption of procurement approval form and send it to the evaluation committee. Finally, in accordance with the approved procurement method approved by the department evaluation committee and the supplier of choice for procurement; Figure 6 . The equipment purchase examination administration module design uses the illustration Figure 7 . Approval authority of a company's business process Examination and approval departments are responsible for procurement object procurement plans prepared by the engineer for approval;
The object of evaluation committee is responsible for the evaluation and selection of suppliers;
The objects of Suppliers are responsible for provision of new equipment to the users' units ; (2) Design of approval departments CS-OOPN model
To plan purchases equipment's examination table to carry on the establishment, the maintenance, the examination management. The equipment purchase examination administration module design with illustration as shown in Figure 6 .
To examination and approval department, for example, under the approval authority for approval of business process design department of the CS-OOPN model. The approval departments of business process as shown in Figure 7 and design approval departments CS-OOPN model shown in Figure 8 .
Because the equipment procurement approval authority management system is not very complex business process, so designed as two of the jump control model. It can be seen from Figure 8 , when the change T0 cannot be performed, the library P0 will implement the control of change C1 to jump directly to the library P1, P2 or P3, certainly if there is a practical need, control change C1 to C2 by library P9 then jump directly to P4, when change T8, T9 and T10 are not executed, the library P4 will perform the control of change C2 to jump directly to the library P6 or P7, so the introduction of the internal control changes of the object makes the process adjusted according to the objective reality of the need, which greatly increase the flexibility of the process. The design of the CS-OOPN model of the equipment procurement management system is essentially different between the CS-OOPN models by adding a controller, using the controller to integrate the various objects. That CS-OOPN of each object is encapsulated within the structure, leaving only the controller connected to the messaging interface. According to the analysis, the complete unit of equipment procurement system, including the use of the object, procurement engineers object, examination and approval department object, the object and vendor evaluation committee objects. According to CS-OOPN modeling thought in its various objects to add controller, connect the various objects.
Design of equipment procurement management system CS-OOPN model shown in Figure 9 . Taking approval department's CS-OOPN model for example, its associated matrix, tree coverage and P-invariant, and the correlations between them were analyzed. Associated matrix is constructed by taking the CS-OOPN model of approval department (shown in Figure 8 ) as an example according to associated matrix [16] Table1. Associated matrix of the approval department ( 
1) Completion
According to "the data of conservation",, data must have one produce source, and must have one or more purposes. Normally, data item must have a producer and at least one user, in associated with matrix expression in each column to have a 1 and at least one -1. This validation can help to determine whether systemic function or data item division is reasonable or not, any errors, omission, etc.
The specific data item must have only one producer, which means in associated matrix of each column has one and only one 1. If there is the data without producer, it must be a mistake; if there are multiple producers, which then can produce the inconsistent phenomenon. Its reason might be: a: the data connections are wrong; b: the "data" is a general class of a large number of data belonging to one kind; it should be divided in detail. (3) Without redundant Associated matrix usually does not allow for row vectors or columns of zero. According to the analysis, the reasons of being zero vectors may be: Data relationship error; Function item or data division is redundant.
According to the analysis above, from Table 1 of associated matrix it can be seen that the CS-OOPN model of examination and approval department is complete, consistent and without redundant.
Safety / boundless analysis
According to the tree coverage [16] the construction method, take approve department's CS-OOPN model (Figure 8 ) for example to construct its tree coverage, as shows in Figure 10 . Control change is appended to the internal of object and a controller is added between the objects, then a control structure based on Object-Oriented Petri Nets model (CS-OOPN) is proposed. The paper introduces CS-OOPN which applies to the equipment procurement system modeling, establishes CS -OOPN model for system each object, and through relationship between the objects, it will connect object models, finally get the system CS-OOPN model.
Examples show, the use of CS-OOPN model, the internal structure of each object can be encapsulated to avoid each other and change the definition of library intervention. This model also has modular, graphical and structural characteristics. Taking the CS-OOPN model of examination and approval department for example, its associated matrix, tree coverage and P invariant are figured out and relativity of them is analyzed, which proved that the constructed model has good performance.
The CS-OOPN equipment purchasing management system model is set up for a group company. We found that object-oriented Petri nets modeling methods not only effectively reduce system size and complexity of the model, but also improve the reusability and scalability of the system. The established CS-OOPN has a good prospect; further work is based on the CS-OOPN theory of mathematical analysis and automatic generation of software.
